he finite speed of light elevates astronomers' telescopes to powerful time machines that allow us to look back into the early history of the cosmos. Light travels almost unimpeded through the Universe for billions of years before reaching Earth, its wavelength stretched by the expansion of space itself. The quest for the most distantand hence earliest -objects in the Universe, to study the initial phase of galaxy formation, is at the forefront of observational cosmology. On page 616 of this issue, Mortlock et al. 1 present the discovery of the most distant accreting super massive black hole, or quasar, found so far -at a redshift of 7.085, or just 770 million years after the Big Bang. The quasar is a monster: a black hole with a mass two billion times that of the Sun, accreting gas at the maximum rate allowed by the laws of physics. The discovery is significant both for the existence of these supermassive black holes at early times and for the information that the quasar light provides on the state of the surrounding Universe.
All massive galaxies, including our own, contain central black holes of mass greater than one million times that of the Sun 2 . Black holes grow by accreting matter and by merging with other black holes. The total cosmological accretion and merging can be observationally constrained by the luminosity output of quasars and by hierarchical structure formation, respectively. But how these black holes got started is still unknown. We know that massive stars leave relic black holes after they explode as supernovae and that the primordial element abundance in the early Universe produced a higher fraction of massive stars than form today. Copious accretion and merging would be required to turn these 10-100-solar-mass black holes into the monsters observed at the centres of galaxies. Another possibility is that the star-formation step was skipped altogether as a million-solarmass cloud of primordial gas collapsed without Given that the quasar has a mass two billion times that of the Sun, this simple argument suggests either that the quasar had a single progenitor with a mass at least half a million times that of the Sun, or that it resulted from the merging of several thousand massive-star remnants at the centre of its host galaxy. These constraints can be loosened by invoking mergers with black holes in other galactic nuclei or periods of extreme accretion 5 , but it is safe to say that the existence of this quasar will be giving some theorists sleepless nights.
The new quasar is observed at a particularly interesting era of the Universe. Cosmic reionization, the transition from a mostly neutral to mostly ionized intergalactic medium (IGM), occurred sometime between redshifts 6 and 15. Reionization depends on properties of the first generation of star and galaxy formation, and is an important probe of the early Universe. Quasars are used as background light sources to study the absorption of Lyman-α photons by neutral hydrogen between the quasars and Earth. A range of tests have been devised to determine the neutral-hydrogen fraction in the IGM, both close to quasars and in the vast, mostly empty, intervening space. These analyses have shown that, at redshifts below 6, the IGM hydrogen is mostly ionized, although a significant neutral fraction exists 6 in some directions at redshifts 6 to 6.4. This, combined with observations 7 of relic radiation from the Big Bang (the cosmic microwave background), suggests that most reionization occurred at redshifts higher than 6.4 -less than 880 million years after the Big Bang.
So what does the new quasar tell is due to absorption from this same region, but, unlike the Gunn-Peterson trough, requires a very high neutral-hydrogen fraction. The transmitted flux in the quasar near-zone is due to a self-ionized region around the quasar. The size of this region depends on several factors, one being the neutral fraction of the IGM before the quasar turned on 8 . The quasar discovered by Mortlock et al. 1 shows a small near-zone and a likely damping wing, implying a high neutral-hydrogen fraction at redshift 7.08. excellent detectors with which to measure its intensity. Measurement of its oscillating field relies on interference; in this way even the fluctuations of the field can be measured. Interference brings with it the possibility of measuring the amplitude of the field at different angles, thus measuring different phases of the field. It then turns out that uncertainties in the field amplitude measured at any two perpendicular angles (in-quadrature phases) must satisfy the uncertainty relationship. For laser light, the uncertainties are equal and minimal -they correspond to perpendicular diameters of a circle. This circle of uncertainty may, in principle, be deformed into an ellipse, in any particular direction, by squeezing.
Reshaping of the uncertainty area -the product of the two uncertainties -happens only through a nonlinear process, if energy is not simply proportional to frequency, as it is for a free photon. Reshaping the circle into an ellipse produces a minor axis smaller than the circle and a major axis that is larger. Importantly, the circle of uncertainty is present even in a vacuum, and it sets a boundary between those electromagnetic fields whose fluctuations are smaller and those that are larger than the standard quantum limit.
Passing from the original realization of squeezing 3 some 25 years ago to the current achievement of a squeeze of more than a factor of ten 4, 5 , which can be used in gravitationalwave interferometers, the challenge has always been more and more squeezing. It has been a grand one, and we all look forward to further improvement. Surprisingly, the work of Ourjoumtsev et al. 1 moves in the opposite direction. The authors show the atom to be subtle by demonstrating its delicate squeezing of light; by permitting the squeeze at all, after many years of anticipation 6, 7 , the atom clearly is not malicious. This reveals that even subtle quantum-mechanical predictions are correct -and accessible to the resolute -lending confidence to the promise of quantum-information science.
The atom is subtle in terms of its size -even compared with the wavelength of the light that excites it, the atom is tiny. The demonstrated squeeze is also tiny. It is a mere 0.2% reduction of noise (fluctuation) power against the standard quantum limit -an ever-so-slight reshaping of the circle. Such a delicate squeeze calls for a clever method of detection and a degree of cooperation from the atom. All the requirements are carefully put in place in the beautiful experiment of Ourjoumtsev and colleagues 1 . An atom too strongly driven by a resonant laser tends towards an interrupted emission of light -interrupted by spontaneous emission. These interruptions, or quantum jumps, create undesirable noise, so only when the laser power is weak does the atom behave in any way close to a simple antenna, radiating without interruption from a coherent dipole, a regularly oscillating distribution of positive and negative electric charge. In their study, Ourjoumtsev et al. 1 . There are two observational signatures of the IGM ionization state close to the quasar that are sensitive to large neutral fractions -the size of the quasar's ionized near-zone 8 and the damping wing of Lyman-α absorption from the IGM beyond this zone 9 ( Fig. 1) . For both these effects, the spectrum of the new quasar shows tantalizing differences from redshift-6 quasars, suggesting a high neutral-hydrogen fraction (greater than 0.1) in the IGM close to the quasar and that the quasar is in the midst of the reionization era.
The quasar was first identified in images obtained with the United Kingdom Infrared Telescope (UKIRT) Infrared Deep Sky Survey, and is a triumph for this project, which was initiated in 2005. It illustrates the power of dedicated wide-field surveys on moderatesized telescopes, and marks the transition from the optical to near-infrared wavelength regimes in the search for the highest-redshift quasars.
There will be many follow-up observations of this quasar to investigate reionization constraints and study the black hole and galaxy in which it resides. But one object does not always tell the whole story, so it will be important to find more quasars at redshifts above 7, and to push discoveries towards the early phase of reionization at redshift 10. This will be challenging, as illustrated by the marked decrease in the abundance of galaxies at this redshift 10 , but is possible with a wide-field, near-infrared space telescope. ■ 
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